The aim of this study was to assess the spatial distributions of total trace elements content in the bottom sediments of Dzierżno Duże water reservoir, along with the comparison of the accuracy and characteristics of Kriging and IDW interpolations. On the basis of regular measurement grid consisting of 53 points, bottom sediments samples were collected. Mean values of total trace elements content in bottom sediments of Dzierżno Duże were as follows: Zn -410 mg/kg, Pb -57 mg/kg, Cr -36 mg/kg, Cu -40 mg/kg, Cd -5 mg/kg, Ni -16 mg/kg and Ba -267 mg/kg. According to the geochemical quality classification, the concentrations of Cd in 32% of samples were assigned to class IV (heavily contaminated), 45% to class III (contaminated), Zn in 42% samples to class III with 1 sample in class IV and 26% to class II (slightly contaminated), Pb in 9% to class III and 58% to class II, Cu in 4% to class III and 68% to class II, Cr in 17% to class II, Ni in 55% to class II, Ba in 8% to class III and 61% in class II. Coefficient of determination was determined between each case of trace elements content. The highest correlation (R 2 in range from 0.81 to 0.96) was observed between Zn and Pb, Zn and Cu, Zn and Cr, Zn and Ni, Pb and Cu, Pb and Cr, Cu and Cr, Cr and Ni. Significant correlation (R 2 in range from 0.70 to 0.80) occurred between: Zn and Cd, Pb and Ni, Cu and Ni, Cd and Ni. The lowest correlations (R 2 in range from 0.25 to 0.70) were observed between concentration of Ba and the rest of trace elements. Two different interpolation methods were chosen for the purpose of generating spatial distributions -Inverse Distance Weighted and Ordinary Kriging. These methods were chosen for purpose of obtaining optimal accuracy result of spatial distributions. The distributions of trace elements content were classified by means of geochemical criteria. In the case of accuracy comparison between IDW and Ordinary Kriging, the former had slightly better results in terms of mean value and root mean square. The generated spatial distributions allowed to determine the most contaminated areas, which were mainly northerncentral and southern-central parts of water Dzierżno Duże reservoir.
INTRODUCTION
The stagnant water reservoirs accumulate a part of the material flowing from the basin in the form of bottom sediments [Ulrich et al. 2000 , Wiatkowski et al. 2008 ]. The accumulated sediment in the reservoir basins contributes to the reduction of their capacity and, as a consequence, restricts the functions fulfilled by these objects [Bąk & Dąbkowski 2013 , Bąk et al. 2014 ]. The chemical composition of sludge is a derivative of many factors, both natural and anthropogenic. It depends primarily on the geological structure of the basin, its management, use, as well as climatic and hydrological conditions, which determine the course and intensity of erosion processes in the basin as well as migration and accumulation of suspended matter as well as trace elements [Jancewicz et al. 2012 , Bąk et al. 2014 . Trace elements flowing in with river waters are accumulated in bottom sediments as a result of sorption processes and sedimentation of mineral and organic matter [Gałka & Wiatkowski 2010] . The knowledge on the chemical composition of sedi-ments allows for inference about sources of velocity and distribution routes of metals in the reservoir is a better indicator than the more variable chemical composition of surface waters. Trace elements, including lead, mercury, chromium, zinc and cadmium, are one of the main pollutants in bottom sediments. These metals are considered the most toxic [ An important feature that distinguishes trace elements from other undesirable or toxic substances is that they are not biodegradable but only biotransformed [Wojtkowski et al. 2008] . Metals and other substances can be immobilised in sediments even for a long time, counted in tens or hundreds of years [Dobicki 2004 , Gałka & Wiatkowski 2010 .
The aim of this study was to assess the spatial distributions of total trace elements content in bottom sediments of Dzierżno Duże water reservoir, along with comparison of the accuracy and characteristics of Kriging and IDW interpolations. Kriging and IDW are most commonly used interpolation methods. The analysis of their accuracy can indicate which method is more appropriate in terms of generating spatial distribution for bottom sediments of Dzierżno Duże water reservoir.
MATERIALS AND METHODS
The basin of the analysed Dzierżno Duże reservoir constitutes a part of the Kłodnica basin (38.1 km and 32.2 km of Kłodnica [Rzętała 2005 ]) with an area of almost 530 km 2 , which is almost entirely located in the Katowice Upland area [Rzętała 2005 , Kondracki 1978 ]. In administrative terms, the Dzierżno Duże reservoir is located in the western part of the Silesian Voivodeship and is part of the following administrative units: the city of Gliwice, the city of Pyskowice, the commune of Rudziniec and the commune of Zbrosławice. The area of the reservoir is nearly 615 ha, making it one of the largest reservoirs in Poland. From the south and east side, the reservoir basin is natural, the earth barrier limits it from the west, and a dam -from the north. The reservoir is supplied mainly with heavily polluted Kłodnica waters [Rzętała 2005 ].
The specificity of water management in the industrialised and urbanised area (regulation of watercourses, water discharges and use of foreign water from outside the basin, discharges of municipal and industrial sewage, introduction of underground mine waters to the rivers, construction and formation of numerous water reservoirs) and, to a lesser extent, the climate change caused changes in the natural regime of outflow of the Kłodnica basin [Rzętała 2005 , Czaja & Jankowski 1990, Czaja & Jankowski 1991] . Moreover, the process of anthropogenisation of water relations in the Kłodnica basin illustrates the qualitative changes in water [Rzętała 1996 , Rzętała 2005 , Absalon et al. 1996 , which are primarily expressed in the transformation of the chemical structure of water and the related change in its utility values [Żmuda 1973 ]. As a consequence of large-scale emission of pollutants to surface waters, the watercourses of the discussed area are classified as not meeting the standards because they are characterised by insufficient oxygenation, high content of biogenic substances, presence of significant amounts of trace elements and bacterial contamination [Rzętała 2005 ].
The sampling of bottom sediments of the Dzierżno Duże reservoir was carried out in September 2016. Using the ArcGIS software, a network of measurement points was developed in the form of a regular grid of squares consisting of 57 measuring points. Next, using the GPS system, the planned network was replicated and samples of bottom sediments were collected. Due to the terrain conditions, material collection in points 19, 36, 55 and 57 was not possible. Bottom sediment test samples were obtained at 53 measuring points at a depth of 0.3 m to 16.5 m below the water surface. The material for the research was collected using a specialist bottom-sediment trap of the Van Veen type from KC Denmark.
In the laboratory, the samples were firstly dried under dry-air conditions and then sieved through a 2 mm screen. They were then dried in an oven at 105°C to constant weight and ground in a vibrating mill until the grain size was lower than 0.2 mm. A sample prepared in this way was used to determine the total trace elements content. Aqua regia (a mixture of concentrated hydrochloric acid and nitric acid in a volumetric ratio of 3:1) was used for metal extraction. Mineralisation was carried out at 180°C, for 30 minutes in a high pressure microwave mineraliser manufactured by a German company Berghof GMBH. Three samples were prepared from each sediment sample for analysis. A plasma spectrometer (IRIS ICP-OES Thermo) was used to determine the trace elements content in accor- A statistical analysis has been conducted using the Statistica software. It included the basic statistical characteristics (Table 1 ) -the arithmetical mean, minimum and maximum, kurtosis and skewness. Using ArcGIS software, the Coefficient of determination (R 2 ) has also been calculated between the determined content of the individual elements in the bottom Two different interpolation methods were chosen for the purpose of generating spatial distributions, i.e. Inverse Distance Weighted (IDW, which is one of the most common deterministic methods [Gong et al. 2014] ) and Ordinary Kriging [Reza et al. 2010 ]. In terms of accuracy, two main criteria were chosen: Mean and Root Mean Square error (RMS). Additionally, Root Mean Square Standardized (RMSS) and Average Standard Error (ASE) were determined for Kriging. These criteria were calculated with cross validation method in geostatistical analyst, which is part of ArcGIS software. In the case of Ordinary Kriging, along with spatial distribution, a prediction error map was created [Gong et al. 2014] . Descriptive statistics were performed for each trace element. Spatial distributions of trace elements content were classified by geochemical criteria (Table 1) [Bojakowska 2001 ].
RESULTS AND DISCUSSION
Depending on the localisation of the sampling of bottom sediments, the contamination values were varied. It is indicated by a large range of obtained data (difference between the minimum and maximum value).
The results of statistical analysis (Table 1) indicated high values of standard deviation. Kurtosis and skewness oscillated near values 0.1-0.8 (except for Cd). On the basis of the statistics, there was no need of performing data transformations for purpose of Ordinary Kriging. Mean values of total trace elements content in bottom sediments of Dzierżno Duże were as follows: Zn 410 mg/kg, Pb 57 mg/kg, Cr 36 mg/kg, Cu 40 mg/kg, Cd 5 mg/kg, Ni 16 mg/kg and Ba 267 mg/ kg. According to the geochemical quality classification by Bojakowska [2001] , the concentrations of Cd in 32% of samples were assigned to class IV (heavily contaminated), 45% to class III (contaminated), Zn in 42% samples to class III with 1 sample in class IV and 26% to class II (slightly contaminated), Pb in 9% to class III and 58% to class II, Cu in 4% to class III and 68% to class II, Cr in 17% to class II, Ni in 55% to class II, Ba in 8% to class III and 61% in class II.
The coefficient of determination was determined between each case of trace element con- If RMSS is higher than 1 and RMS higher then ASE, the spatial distribution is underestimated (estimated values are lower than the real values). In the opposite situation, the spatial distribution would be overestimated. All of the obtained Ordinary Kriging results are characterized by much higher RMS then ASE, and RMSS greater than one (Table 4) . In addition to accuracy comparison, the obtained spatial distributions were analysed in terms of the visual quality (Figure 2-8) . The spatial distributions generated by Ordinary Kriging methods are smoother. Additionally, the Kriging results minimalize the effects of small circles around points with higher/lower contamination values then the close neighbourhood (mostly Figure 2 , 3, 4, 5 and 6). Lower concentration of total trace elements content in coastal area has better representation in Kriging methods. The overall spatial distributions generated by Kriging seem slightly better in the case of the visual representation of the studied Dzierżno Duże water reservoir. However, the differences between the methods are not significant enough to determine the most appropriate method for generating spatial distributions of total trace elements content in bottom sediments.
Ordinary Kriging, besides RMSS and ASE, additionally allows generating prediction error maps. Prediction error maps were generated for all studied trace elements. As the output was similar for each of the trace elements, a schematic map of prediction error was created for purpose of this study ( Figure 9) . Noticeably, the values decrease together with the distance to the entry point. The highest errors were observed between points 18 and 20, 25 and 27. Significant errors also occurred in the southern-eastern, central (near points 30, 31, 37) coastal area. The prediction error map can be a solid base for future stud- ies. The afore-mentioned areas should be additionally examined in terms of total trace elements content. These points should greatly increase the accuracy of spatial distributions.
CONCLUSIONS
The epresented studies allow for drawing the following conclusions: 1. Bottom sediments of water reservoir Dzierżno Duże are heavily contaminated by trace elements (mostly Cd and Zn). 2. The most contaminated area is located mainly in the north and south. Contamination can be related to water flow. Lower concentrations of trace elements were observed in the coastal area. 3. Coefficients of determination were high between trace elements (except for Ba). 4. High contamination values are probably caused by "Kanał Gliwicki", which is contaminated mainly from anthropogenic sources (chemical industry). 5. Th eaccuracy of Inverse Distance Weighted interpolation method is better than in the case of Ordinary Kriging. 6. The visual quality of the obtained spatial distributions was better for Ordinary Kriging than Inverse Distance Weighted. 7. The differences in both accuracy and visual quality of studies interpolation methods were not significant enough to clearly determine the most appropriate method for the purpose of determining total trace elements content in bottom sediments of Dzierżno Duże water reservoir -they can be used interchangeably. 8. Prediction error map can be a solid base for planning of future studies. 9. Spatial distributions can be crucial in proper processing and interpretation of the data obtained in environmental studies. The acquired spatial distributions allow for better understanding of the studied Dzierżno Duże water reservoir.
